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Abstract  
Protein requirements for slow-growing pigs have not been defined. The study was designed to 
determine the relationship between the level of dietary protein and nitrogen balance in slow-growing 
Windsnyer pigs. Thirty Windsnyer pigs with an initial bodyweight of 34.7 (SD = 0.85) kg were randomly 
assigned to six experimental diets containing 193, 174, 154, 135, 117, and 97 g/kg of crude protein (CP). 
Pigs were penned individually. There were five pigs in each diet. The faecal nitrogen output (NFO) showed a 
decreasing quadratic relationship with protein level. A linear relationship between protein level and urinary 
nitrogen excretion was observed (P =0.0001). The total nitrogen excreted showed a significant quadratic 
relationship to decreasing levels of CP in the diets (P =0.0001). The apparent digestibility of nitrogen had a 
linear relationship with dietary CP level (P =0.0005). A quadratic relationship between dietary protein level 
and N utilization was observed (P =0.0001). The optimum protein level for total nitrogen excreted, nitrogen 
utilization and biological value of feed protein were attained at 135 g/kg protein level. The efficiency of 
nitrogen utilization supports the low protein diet. The present results suggest reducing the dietary protein 
level for Windsnyer pigs to decrease amount of excreted N that is deposited into the environment. 
 
Keywords: apparent nitrogen digestibility, ideal protein level, nitrogen retention, excreted nitrogen, nitrogen 
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A large number of smallholder pig farmers in southern Africa keep slow-growing pigs (Ramsey et al., 
2000; Chimonyo et al., 2006). Slow-growing Windsnyer pigs are indigenous pigs that are facing extinction 
and it is essential to conserve them through sustainable utilization. The commercial pig industry shuns slow-
growing breeds owing to their high propensity to deposit fat (Halimani et al., 2012). These indigenous pigs 
play a pivotal role in improving and maintaining financial sustainability and in reducing food insecurity 
(Ncobela et al., 2018). To strengthen the commercial value of Windsnyer pigs, their nutrient requirements 
need to be understood. One of the main limitations to Windsnyer pig production by smallholder farmers is the 
protein supply. Slow-growing pigs require CP levels of between 130 and 160 g/kg (Vasupen et al., 2004). 
Other slow-growing genotypes, such as the Cinta Senese pigs (Sirtori et al., 2010), Mong Cai pigs (Pham et 
al., 2010), Moo Lath pigs (Phengsavanh & Lindberg, 2013), Indian pigs (Paul et al., 2017), and Ghungroo 
pigs (Hazorika et al., 2017), have also provided evidence that their dietary protein requirements are much 
lower than those recommended by the NRC (2012). Dose-response trials are ideal in estimating protein 
requirements for these genotypes. 
Dietary protein is an expensive nutrient that contributes immensely to the total cost of feed. Efficient 
utilization of protein depends on understanding the optimum levels that meet protein needs for growth, 
reproduction, and maintenance (Paul et al., 2007). An incorrect supply of protein is not ideal for optimal 
protein deposition and can be detrimental to pig performance (Whittemore et al., 2001; Noblet et al., 2004; 
Norgaard et al., 2014). For example, excess dietary protein increases nitrogen excretion through the urine 
(Carpenter et al., 2004). Precise dietary inclusion of protein also reduces N losses to the environment.  
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The extent of utilization of dietary protein can be determined by measuring N balance (Noblet et al., 
2001; Hlatini et al., 2017). The usual procedure is to regress nitrogen intake balance on intake and to define 
the requirement as the intake level that would produce a zero balance. Reduced nitrogen intake is an 
effective nutritional strategy in conservation efforts and assists in designing dietary supplementation 
programmes. Pigs often consume more dietary protein than the theoretical requirements based on nitrogen 
balance trials. A higher dietary protein supply results in positive N balance, excessive emission of N and 
undesired odours being emitted by pigs (Le et al., 2009; Kerr et al., 2014). Determining the precise dietary 
protein level is important for pig performance and environmental health (Noblet et al., 2001; Galassi et al., 
2010; Norgaard et al., 2014).  
Conservation efforts for Windsnyer pigs could be enhanced if their protein requirements were 
determined. The viability of satellite populations such as those at the Agricultural Research Council (ARC), 
Irene, Pretoria, are threatened by the high cost of feed. Pig producers who are interested in producing 
organic pork under extensive systems would require knowing appropriate dietary supplementation levels to 
enhance the profitability of pig enterprises. To assess nitrogen levels in the diet, nitrogen intake, utilization, 
and digestibility, retained nitrogen, excreted nitrogen, net protein utilization, including the biological value of 
feed protein, are used. Nitrogen retention is a more sensitive trait than average daily feed intake, average 
daily gain and feed conversion ratio (Figueroa et al., 2000). If the growth rate is low, a higher proportion of 
nitrogen is lost if nitrogen consumption exceeds requirements by a wide margin. There is great potential for 
using low-protein diets to reduce nitrogen excretion in slow-growing pigs. Low CP diets are achieved at the 
expense of soybean meal content. The strategy to reduce the excess excretion of nitrogen may involve 
matching CP requirements to the growth stage. Hence, it is critical to determine dietary protein levels for 
Windsnyer pigs to avoid an incorrect protein supply. The objective of the study was therefore to determine 
the nitrogen balance in Windsnyer pigs fed on various levels of dietary CP. It was hypothesized that the 
nitrogen balance would decrease linearly with a decrease in levels of CP in the diet. 
 
Materials and Methods 
The study was conducted at the ARC, Animal Production Institute (API), Irene, South Africa. The care 
and use of experimental animals were carried out according to the approved standards of the Animal Ethics 
Committee of the ARC-API (reference number APIEC 17/12).  
Thirty clinically healthy two-month-old Windsnyer pigs from the same genetic and health status source 
were supplied by ARC. The trial sample size was in line with other nitrogen balance trials in pigs (Canh et al., 
1998; Noblet et al., 2001; Otto et al., 2003; Accaiaioli et al., 2011). There is evidence that three to six 
animals per group[is a sufficient number for nitrogen balance trials in pigs (Canh et al., 1998; Noblet et al., 
2001; Otto et al., 2003; Portejoie et al., 2004; Accaiaioli et al., 2011; Hazorika et al., 2018). The experimental 
pigs were ear-tagged and housed in a room with artificial heating, lighting, and proper ventilation systems. 
The ambient temperature and relative humidity were maintained at 24.5 °C (SD = 1.9) and 62.7% (SD = 
15.07), respectively, were recorded every 15 minutes throughout the trial. Slow-growing pigs weighing about 
34.7 kg (SD = 0.85) were allocated to six dietary treatments in a completely randomized design. There were 
five pigs in each of the six treatments. Each pig was treated as an experimental unit. The pigs were caged 
individually in pens measuring 1.5 x 1 m. Each pen was provided with water through a low-pressure nipple 
drinker, and feed was supplied in a self-feeder trough.  
The treatments included six CP levels, namely 193.0, 173.7, 154.4, 135.1, 116.8, and 96.5 g/kg CP, 
with five replications for each dietary treatment. A control diet was formulated according to CP standards for 
the experimental pigs as recommended by NRC (2012). To formulate the experimental diet, a 193 g/kg DM 
CP maize-soybean meal diet was formulated. Then each protein level was reduced by 10% of the control 
diet at the expense of soybean meal to reach the desired levels of 173.7, 154.4, 135.1, 116.8, and 96.5 g/kg 
CP. Six diets were formulated to have similar net energy value of about 9.5 MJ/kg. Feed and water were 
provided ad libitum. All six diets were formulated to meet or exceed NRC (2012) recommendations for all 
other nutrients and were supplied in mash form. The diets were formulated with the software program 
Bestmix® (Adifo), an advanced least-cost feed formulation. The ingredients were maize, wheat bran, 
soybean meal, oil sunflower, limestone, monocalcium phosphate, salt, lysine HCL, methionine, threonine, 
tryptophan, and mineral-vitamin premix. The ingredients and the nutrient profiles of the diets are given in 
Table 1. Diet samples were taken from all the feeders three days after the beginning and three days before 
the end of the experiment and kept in a cool dry place until they were homogenized and subsampled for 
chemical composition analyses.  
Dry matter, ash, CP, and crude fat of the diets were determined using the standard AOAC (1990) 
methods. Nitrogen content was analysed following the Dumas combustion method in a Leco Truspec nitrogen 
analyser (St Joseph, MI, USA). A factor of 6.25 was used to calculate CP content. The neutral detergent fibre 
(NDF) and acid detergent fibre (ADF) were determined using ANKOM Fiber Analyser (Ankom Macedon, NY, 
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USA) following methods by Van Soest et al. (1991). Acid hydrolyses were used for amino acid preparation 
before analyses with an amino acid analyser (SY-KAM, Erising, Germany). Samples for minerals were ashed 
at 450 °C and dissolved in 1 M HCl (Abdou et al., 2011). The major ingredients and chemical analyses of the 
experimental diet are given in Table 1.  
 
 




Levels of crude protein (g/kg DM) 
193 174 154 135 116 97 
       
Yellow maize 602  633  688  725  767  720  
Soya oil cake 273  207  171  117  75.0  50.0  
Wheat bran 85.0  120  100  120  120  155  
Limestone 13.0  12.5  12.1  13.0  13.5  1.0  
Monocalcium phosphate 6.0  6.0  4.0  4.0  4.0  5.0  
Sunflower oil 5.0  5.0  5.0  5.0  5.0  5.0  
Salt 5.0  5.0  5.0  5.0  5.0  5.0  
Lysine HCL 3.8  3.8  3.8  3.8  3.8  2.0  
Threonine 1.1  1.1  1.1  1.1  1.1  1.0  
Methionine 1.1  1.0  1.0  1.0  1.0  0.75  
Tryptophan 0.2  0.2  0.2  0.2  0.2  0.2  
Vitamin-mineral premix 4.7  4.7  4.7  4.8  4.7  6  
Calculated nutrient analysis 
Dry matter 884  883  882  880        879  881  
Net energy value (MJ/kg) 9.76  9.78  9.92  10.1  10.1  9.99  
Crude protein 192  169  153  137  117  100  
Crude fibre 27.3  28.6  25.9  26.4  25.3  27.3  
Ash 54.8  52.8  50.3  46.5  45.0  55.2  
Fat 37.2  38.0  38.2  39.0  39.4  44.1  
Laboratory chemical analysis  
Dry matter 882  882  876  875  875  876  
Crude protein  202  177  161  145  121  103  
Crude fat 27.2  21.7  22.0  31.2  27.2  24.1  
Neutral detergent fibre 142  174  158  173  199  197  
Acid detergent fibre 44.2  50.5  47.2  47.8  45.3  46.5  
Ash 46.7  46.2  40.6  30.6  44.9  39.4  
             
 
 
The nitrogen balance trial was conducted with male pigs only to facilitate the collection of urine and 
faeces. The experiment lasted five days in week 6. Urine and faecal collections were done each morning at 
08h00 for five consecutive days. The hand-picking method was practised to completely collect faeces from 
the pens and place them in plastic bags. Faeces were collected over a 24-hour period from the edges of the 
pens and a 1-mm sieve was suspended underneath each pen to capture fallen faeces (Ouellet et al., 2004). 
At the end of the collection period, the faeces samples were mixed thoroughly, weighed, then two 
subsamples of 250 g for each of the six diets for thirty pigs were oven-dried at 60 °C overnight, and 1% 
formalin was added for conservation, pending analysis. 
Plastic trays were positioned below pens to allow for the total collection of urine that would have oozed 
through a 1-mm sieve suspended underneath the pen of each pig. The urine was removed every day, 
weighed and placed in a clean container. To reduce the volatilization of nitrogenous compounds in the urine, 
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2 ml 25% sulphuric acid was added to each tray within five minutes of collection. Post weighing of total urine 
collection, two subsamples of 250 ml urine were taken for each of the six diets for analyses. Three hundred 
and sixty subsamples for faeces and urine samples were stored at 4 °C, pending nitrogen analyses. The 
nitrogen content level of faeces and urine were determined according to the method described by Kjeldahl 
(AOAC, 1990). Nitrogen balance was therefore calculated as follows: 
                        
                   
         
 
where. N consumed = DM intake x N-contentfeed, and N excreted = DM excreta output x N-contentexcreta. 
These equations were used to determine N retention, N digestibility, N retained and N utilization: 
                                      
                             
                  
          
         
       
                               
               
          
         
 
                         
          
         
 
                            
          
          
 
 
The data were analysed with the procedures of SAS (SAS Institute, Inc., Cary, North Carolina, USA). 
PROC UNIVARIATE was used to determine the normality of the data for nitrogen balance parameters. The 
data were normally distributed. PROC MEANS was used to determine the mean ± standard error for the 
influence of dietary protein level on nitrogen balance. Response surface regression (PROC RSREG) was 
used to determine the relationship between dietary protein level and nitrogen balance parameters.  
The regression model used was: 
Y  β0 + β1 L + β2 L2 + e,  
where:  Y  is the response variable (N retention, N digestibility, urinary N, faecal N, N intake and urinary N: 
faecal N ratio), β0 + β1 + β2 are regression coefficients, L is the CP inclusion level, and e is the 
residual error.  
 
Subsequently, a piecewise regression (broken-stick) analysis using PROC NLIN was used to 
determine the optimum inclusion levels of dietary protein on nitrogen balance. A level of P <0.05 was chosen 
as the criterion for statistical significance. The piecewise regression model was: 
Yj = β1x + K1        for x < xc 
Yk = (K1 + xc(β1-β2)) + β2x for x > xc 
where: x is the CP level in the diet, Y is the response variable, K1 is the intercept of the linear function when 
the CP inclusion level affects nitrogen balance (i,e, ; the term (K1 + xc(β1-β2)) is the intercept when the level 




The pigs experienced no health issues or feed refusal during the experimental period. The 
relationships between dietary protein levels and nitrogen balance parameters are shown in Table 2. Nitrogen 
intake decreased when dietary CP level decreased (P =0.0001). Nitrogen excretion via faeces had a 
decreasing quadratic effect (P =0.005). There was a linear response in nitrogen (N) excreted via urine as 
dietary protein decreased (P =0.0001). Total N excreted showed a quadratic relationship to decreasing levels 
of CP in the diets (P =0.0001). The amount of N absorbed decreased linearly with reducing dietary protein 
levels (P =0.0001) (Table 2).  
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Dietary crude protein level g/kg DM 
SD 
Regression coefficient 
P-value 193 174 154 135 116 97 Linear Quadratic 
           
N intake g/d 38.10 37.10 30.10 24.2 26.5 17.5 0.05 2.44 ± 1.31    0.0001 
NFO g/d 3.06 3.10 2.74 4.52 2.97 2.38 0.63   -0.0388 ±  0.013  0.0050 
NUO g/d 2.06 3.27 3.11 3.36 0.58 0.50 0.83 2.584 ±  0.395    0.0001 
Total N losses g/d 5.08 6.37 5.85 7.88 3.55 2.88 0.94 3.733 ±  0.607  -0.12 ±  0.02  0.0001 
N retention (g) 33.10 30.7 24.20 16.3 23.0 14.6 0.94 -1.29 ±  1.775    0.0001 
N absorbed g/d 35.10 34.0 27.40 19.7 23.5 15.1 0.63 1.293 ±  1.498    0.0001 
Apparent N digestibility 0.92 0.92 0.91 0.81 0.89 0.86 0.03 -0.025 ±  0.018    0.0005 
NU % 86.70 82.8 80.60 67.4 86.6 83.6 3.43   0.430 ±  0.11  0.0001 
Net protein utilization 0.87 0.83 0.81 0.67 0.87 0.84 0.04   0.0043 ±  0.0011  0.0005 
BVFP 0.94 0.91 0.89 0.83 0.98 0.97 0.03 -1.144 ±  0.021  0.00384 ± 0.00073  0.0001 
N digestibility % 92.10 91.70 90.90 81.3 88.8 86.4 2.52 2.50 ±  1.79    0.0005 
             
SD: standard deviation; NFO: nitrogen faecal output; NUO: nitrogen urine output; N: nitrogen; NU: nitrogen utilization; BVFP: biological value of feed protein 
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There was a linear relationship between reduced dietary protein level against apparent digestibility of 
nitrogen and digestibility of nitrogen as percentage (P =0.0005). As the dietary protein level decreased, so 
did apparent nitrogen digestibility together with nitrogen digestibility. Nitrogen retention showed a linear 
relationship with varying levels of protein in the diet (P =0.0001). As the level of CP decreased, so did 
nitrogen retention. A quadratic relationship was observed between dietary protein level and nitrogen 
utilization (P =0.0001). As the level of CP in the diet decreased, nitrogen utilization increased accordingly 
(Figure 1). There was a quadratic relationship between inclusion level of CP and net protein utilization (P 
=0.0005). Decreasing dietary protein level from 193 g/kg to 135 g/kg decreased net protein utilization which 
increased again below that level of dietary protein. The quadratic relationship between the level of CP and 
the biological value of feed protein was highly significant indicting (P = 0.0001) indicating an intermediate 
minimum. The apparent biological value of protein decreased before it began to increase as the dietary 
protein level decreased (Figure 1).  
The optimal protein level was reached when further decrease in protein resulted in no change on 
nitrogen balance parameters (Table 3).  The optimum NFO 3.04 occurred at 119.7 g/kg protein level (P 
=0.0169). Using broken-stick methods, the threshold value for total nitrogen excreted was estimated to be at 
143.9 g/kg protein level, and the plateau at 6.11 (P =0.0003). The broken-stick analyses were used to 
estimate the threshold values for nitrogen utilization and biological value of feed protein, which were 
obtained at 140.6 and 141.5 g/kg protein level, and the plateau at 70 and 0.77, respectively (P =0.050). 
 
Discussion 
The supply of dietary protein according to the growth stage is important to improve the efficiency of 
nitrogen utilization in slow-growing Windsnyer pigs. The efficiency of protein utilization by pigs depends on 
the dietary composition and the growth stage of the animal (Noblet et al., 2001; Whittemore et al., 2001; 
Dourmad et al., 2013). A low CP diet results in a reduction in the amount of nitrogen excreted (Deng et al., 
2007; Dourmad et al., 2013). The present results with Windsnyer pigs demonstrated that reducing levels of 
dietary protein resulted in a reduction in total nitrogen excretion. Noblet et al. (2001) reported that reducing 
CP level (189 - 123 g/kg) could decrease nitrogen excretion by 10% for each percentage of protein dropped. 
The present results agree with earlier reports (Canh et al., 1998; Portejoie et al., 2004; Deng et al., 2007; 
Hernandez et al., 2011). However, these studies were conducted on fast-growing pigs. 
Reducing the level of CP by a 7.7% and 9.7% unit reduced urinary nitrogen excretion by 71.6% and 
75.8 % and total nitrogen excretion by 30.2% and 43.4%, respectively. In the current study, there was a 
linear decrease in urinary nitrogen excretion as dietary CP level decreased. The results agree with earlier 
results in modern pigs (Canh et al., 1998; Le Bellego & Noblet 2002; Portejoie et al., 2004; Deng et al., 2007; 
Hernandez et al., 2011; Dourma et al., 2013). Slow-growing Cinta Senese pigs fed diets with increasing 
dietary protein level from 70 to 160 g/kg, showed an increasing trend of urinary nitrogen excretion (Acciaioli 
et al., 2011). A decrease was reported (Hernandez et al., 2011) in urinary nitrogen excretion as the dietary 
CP decreased from 150 to 135 g/kg CP in the slurry of growing pigs. In addition, a strong correlation was 
reported between urinary nitrogen excretion and dietary CP intake (Pfeiffer et al., 1995).  
The relationship between urinary nitrogen excretion and dietary protein level was closer than that of 
nitrogen excretion in faeces and level of CP in the diet. A reduction in urinary nitrogen as dietary protein 
decreased from 165 to 125 g/kg was reported earlier (Canh et al., 1998). Reduced urinary nitrogen excretion 
was seen in rabbits as the protein level was reduced (180 - 140 g/kg). The decreased amount of total 
nitrogen excreted was influenced largely by the reduction in urinary excretion (Portejoie et al., 2004). 
Reduced nitrogen excretion and nitrogen loss demonstrate proper animal feeding and management. 
Lowered dietary CP level, together with increased content of fibre, resulted in a reduction in the excretion of 
nitrogen through faeces. Nitrogen excretion in the urine is preferable, considering that the high amount of the 
nitrogen in waste is excreted in the faeces.  
 The positive quadratic effect on nitrogen excretion through faeces as dietary protein level decreased 
was associated with nitrogen absorbed. Reducing dietary CP levels decreased faecal excretion by 7.8%, 18.7%, 
9.9%, 11.6%, and 29.2%, urinary excretion by 27.7%, 31.2%, 54.5%, 87.1%, and 88.9%, and total nitrogen 
excreted by 19.2%, 25.8%, 35.5%, 54.9%, and 63.5%, respectively. The quadratic response on faecal nitrogen 
content when pigs fed decreasing CP levels remains unclear. Further research is needed to understand the 
reasons. The shift in nitrogen excretion from urine to faeces at a lower level of CP could be associated with 
dietary fibre content. Galassi et al. (2010) reported that reduced dietary CP level from 120 to 98 g/kg with a 
high fibre level (200 g/kg) led to reduced excretion of N into the slurry. The low protein diets in the study 
were formulated to contain increased levels of fibre.  
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650 Hlatini et al., 2020. S. Afr. J. Anim. Sci. vol. 50 
 
Table 3 Optimal dietary protein levels at which a further decrease in protein constrained faecal nitrogen excretion, total nitrogen excretion, nitrogen 
utilization and biological value of feed protein in slow-growing Windsnyer pigs  
 
Item 
K1 β1 β2 
Join-point (xc) Plateau P-value Estimate SD Estimate SD Estimate SD 
          
Faecal nitrogen excretion -2.72 87.5 -1.57 21 -0.11 1.25 119.7 3.04 0.0169 
Total nitrogen excretion 2.45 30.1 -1.49 9.05 -0.15 0.65 143.9 6.11 0.0003 
Nitrogen utilization 86.50 354 6.24 103 0.60 0.70 140.6 70.14 0.2420 
Biological value of feed protein 1.01 3.4 0.09 1 0.01 0.05 141.5 0.774 0.0500 
          
K1: is the intercept of the piecewise regression, β1: rate of change of the piecewise regression when the item value < xc, β2: rate of change when of the piecewise 
regression when the item value > xc, xc: estimated join-point of the piecewise regression, SD: standard deviation 
 




An increase in wheat bran also contributed to nitrogen excretion through faeces. Similar results were 
obtained by Gidenne et al. (2013), who reported that reduced protein level (177 - 139 g/kg) and increased 
fibre (179 - 216 g/kg) shifted the nitrogen excreted from the urine to the faeces. Galassin et al. (2010) 
reported that pigs fed diets containing protein levels of 122 and 98 g/kg with fibre levels of 200 g/kg fibre 
excreted more nitrogen in faeces. Dietary fibre level decreased the nitrogen excreted in urine and shifted 
nitrogen excretion to the faeces. These results are preferred to reduce ammonia volatilization (Portejoie et 
al., 2004). Reducing urinary nitrogen excretion in pigs is critical to prevent pig the industry from contributing 
highly to environmental pollution. Nitrogen is excreted via urine as urea, which is the primary precursor of 
ammonia volatilization (Canh et al., 1998). The present results suggest that diets with low levels of protein 
reduce urinary nitrogen excretion and ammonia volatilization. The present results agree with earlier reports 
that indicated that decreasing dietary protein levels reduces total nitrogen excretion because of lower 
nitrogen excretion in the urine (Canh et al., 1998; Acciaoli et al., 2011). 
The linear decrease in nitrogen retention, nitrogen absorbed, apparent nitrogen digestibility and 
retained nitrogen as dietary protein level decreased could be due to the reduction of the protein intake. The 
results suggest that when the percentage unit of dietary CP increased, nitrogen retention also increased. 
Acciaioli et al. (2011) reported that increasing the dietary CP level from 70 to 160 g/kg led to an increase in 
nitrogen balance parameters in slow-growing Cinta Senese pigs. The decrease in dietary CP led to 
decreases in the nitrogen absorbed and nitrogen retained (Portejoie et al., 2004; Acciaioili et al., 2011). 
However, Portejoie et al. used diets with a high CP level of between 145 and 250 g/kg and Acciaioili et al 
used heavy slow-growing pigs (62.7 kg), which are much higher than the levels and different from the types 
of pigs used here. Zervas and Zijisha (2002) reported that when pigs with a bodyweight of about 32 kg were 
fed reduced dietary protein from 197 to 138 g/kg DM, nitrogen retention decreased with dietary protein level. 
The higher values of nitrogen retention show balanced dietary amino acids, while low values indicated less 
digestible CP and enlarged endogenous protein loss (Drew et al., 2012; Hang, 1998). Nitrogen intake has a 
significant influence in the resulting nitrogen retained by the pig. A higher nitrogen intake is likely to increase 
the amount of nitrogen retained (Acciaoli et al., 2011; Dourma et al., 2013). 
 The linear reduction in apparent nitrogen digestibility and nitrogen digestibility percentage in response 
to reduced dietary protein level agreed with earlier reports (Portejoie et al., 2004; Deng et al., 2007). 
Apparent nitrogen digestibility and nitrogen retention was reduced by dietary CP reduction from 165 to 125 
g/kg in fast-growing pigs (Canh et al., 1998). The low protein diets were formulated by decreasing the level 
of soybean meal. This decrease resulted in a reduction in dietary nitrogen digestibility, because soybean 
meal is the most digestible feed ingredient for pigs in the current formulated diet (CVB, 1994; Gatel & 
Grosjean, 1999).  
There was a decreasing, increasing quadratic effect in nitrogen utilization, net protein utilization (NPU) 
and biological value of feed protein (BVFP) as dietary protein level decreased. A quadratic effect in nitrogen 
utilization as dietary CP level decreased agreed with a study by Carpenter et al. (2004). The present results 
demonstrated adequate intake of protein and availability for digestibility in the small intestine. The Windsnyer 
pigs that were fed the diets with a lower dietary protein utilized nitrogen better, which indicated less excretion 
of nitrogen into the environment. The present results are important in decreasing the amount of excreted 
nitrogen that is deposited into the environment, mainly in the urine (Noblet et al., 2001; Acciaioili et al., 2011; 
Dourmad et al., 2013;). A decrease in total nitrogen excretion indicates an improvement in nitrogen utilization 
of the diet (Monteiro et al., 2010). The limitations to understanding the nitrogen balance in slow-growing pigs 
include the challenges of determining miscellaneous nitrogen losses precisely. The small number of pigs per 
treatment limited the study and was not enough when establishing equations. The possibility of nitrogen 
volatilization from the urine before the collection period could affect the accuracy of the nitrogen balance 




The level of dietary protein has an impact on nitrogen excretion in slow-growing pigs. Based on the 
nitrogen balance data, a dietary CP level of 135 g/kg was suitable for Windsnyer pigs. Thus, protein levels in 
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